In this paper we have studied some important topological properties and characterization of I K -convergence of functions which is a common generalization of I * -convergence of functions. We also introduce the idea of I K * -convergence and I K -limit points of functions.
If S = N we obtain the usual definition of I-convergence of sequence. Definition 2.3. [20] Let I be an ideal on a set S and let f : S → X be a function to a topological space X. The function f is called I * -convergent to the point x of X if there exists a set M ∈ F (I) such that the function g : S → X defined by
is Fin(S)-convergent to x.
If f is I * -convergent to x, then we write I * -lim f = x. The usual notion of I * -convergence of sequence is a special case when S = N. I K -convergence as a common generalization of all types of I * -convergence of sequences or functions from S into X. Here we will work with functions from a non-void arbitrary set S to a topological space X. One of the reasons is that using functions sometimes helps to simplify notation.
Definition 2.4. [20] Let K and I be an ideal on a non-void set S, X be a topological space and let x be an element of X. A function f : S → X is called I
K -convergent to the point x if there exists a set M ∈ F (I) such that the function g : S → X given by
If f is I K -convergent to x, then we write I K -lim f = x. As usual, notion of I K -convergence of sequence is a special case for S = N. Similarly as for I-convergence of sequences. We write I K -lim x n = x.
Lemma 2.1. [20] If I and K are ideals on a set S and f : S → X is a function such that K-lim f = x, then
Theorem 2.1. [20] Let I,K be ideals on a set S, X be a topological space and let f be a function from S to X then I K -lim f = x ⇒ I-lim f = x if and only if K ⊂ I.
Proposition 2.1. [20] Let I, I 1 , I 2 , K, K 1 and K 2 be ideals on a set S such that I 1 ⊂ I 2 and K 1 ⊂ K 2 and let X be a topological space. Then for any function f : S → X, we have I
Basic Properties of I K -Convergence in Topological Spaces
Throughout the paper X stands for a topological space (X, τ ) and I, K are non-trivial ideals of a non empty set S unless otherwise stated. First we introduce a construction regarding double ideal. For any two ideals I, K on a non-void set S we have the ideal
which is the smallest ideal containing both I and K on S i.e. I, K ⊆ I ∨K. It is clear that if I ∨K is non-trivial and I and K are both proper subset of I ∨ K then I and K both are non-trivial. But converse part may not be true. To support this following examples are given.
Example 3.1. Consider the two sets N 1 = {4n : n ∈ N} and N 2 = {4n − 1 : n ∈ N} now it is clear that 2 N1 , 2 N2 and 2 N1 ∨ 2 N2 all are non-trivial ideal on N.
Example 3.2. Now let N 1 be set of all odd integers and N 2 be set of all even integers. Then it is clear that I = 2 N1 , K = 2 N2 both are non-trivial ideals on N but I ∨ K is a trivial ideal on N.
If I ∨ K is a non-trivial on X then the dual filter is
Proof. If possible let us consider that the function f has two distinct I K -limits say x and y. Since X is Hausdorff then there exists U, V ∈ τ such that x ∈ U and y ∈ V and U ∩ V = φ. Since f has I K -limit x, so from the definition of I K -limit, there exists a set A 1 ∈ F (I) such that the function g : S → X given by
Since I ∨ K is non-trivial so the dual filter is F (I ∨ K) = {G ∩ H : G ∈ F (I), H ∈ F (K)}. Now using this from 3.2 and 3.3 we get φ ∈ F (I ∨ K), which is a contradiction. Hence the I K -limit is unique. 
Proof. The function f has I K -limit x 0 , so I K -limit there exists a set M ∈ F (I) such that the function g : S → X given by
Proof. Let the function f has I K -limit x, so there exists a set M ⊂ S ∈ F (I) such that the function g : S → X given by
So to prove the theorem we have to show that
e. it suffices to show that the function g 1 : S → X given by Proof. Let f : S → X be a function such that I-lim f = x 0 . Since X is a discrete space so it has no limit point then
Note 3.1. Converse of above theorem may not be true. Let I and K be two ideals on a set S. Consider a set A ∈ K \ I. Let y 0 ∈ X \ {x 0 } be a fixed element and define a function f : S → X by
Theorem 3.5. Let (X, τ ) be a topological space and let f : S → X be a function, where S is a non-empty set, such that x ∈ X is an I K -limit of the function f , for some non-trivial ideals I and K of S. Then there exists a filter F on X such that x is also a limit of the filter F .
Proof. Let I & K be two non-trivial ideals on non-empty set S. Also let x is I K -limit of the function f : S → X. Then from the definition of I K -convergence then there exists a set M 1 ∈ F (I) such that the function g : S → X given by
So for every open set U containing x, the set
Then the family B forms a filter base on X. In fact, (i)We observe that each A M is non-empty. Since M is non-empty so B is non-empty. (ii)Since F (K) is filter, φ / ∈ F (K) and so A M = φ for all M ∈ F (K) and φ / ∈ B. (iii) Let us take any two members
So B is a filter base. Let F be the filter generated by this filter base. Now we will show that x be the limit of filter F . Let V be any open set of x. Then from (3.4) the set M = {s ∈ S : g(s) ∈ V } ∈ F (K). So by our construction of A M , we get A M = {g(n) : n ∈ M } ⊂ V . Since A M ∈ B we get V ∈ F . So we conclude that V ∈ F for all open set V of x. Hence x becomes limit of the filter F . Theorem 3.6. Let (X, τ ) be a topological space and x ∈ X. Then for every function f : S → X there exists a filter F on X such that if x is limit of filter F then x is also I K -limit of the function f .
Proof. Let f : S → X be a function and I, K be two non-trivial ideals of S. For each M ∈ F (K) let A M = {f (n) : n ∈ M } and B = {A M : M ∈ F (K)}. Then the family B forms a filter base on X. Let F be the filter generated by this filter base. Let x be the limit of filter F . Then η x ⊂ F where η x is the neighborhood filter of the point x. Let U ∈ η x be arbitrary. Then U ∈ F and so A M ⊂ U for some M ∈ F (K). This implies that M ⊂ {n ∈ S : f (n) ∈ U } which further implies that {n ∈ S : f (n) ∈ U } ∈ F (K) since M ∈ F (K). Now U is arbitrary so the function f is K-convergent to x. Hence from the lemma (2.1) we get f is I K -convergent to x.
If f is I K * -convergent to x then we write I 
Lemma 4.1. If I and K are two ideals on a set S and if f : S → X is a function such that
Proof. Follows from the lemma 2.1.
Lemma 4.2. If I and K be two admissible ideals on a set S and f : S → X is a function such that
Proof. The proof follows from the note (4.1) and since K * -convergence implies K-convergence of the function g. Proof. Let X be a discrete topological space then it has no limit point and x ∈ X. Let I and K be two admissible ideals on a set S and f : S → X is a function such that I K -lim f = x. Because of previous lemma (4.2) we have only to show that I K * -lim f = x. Now from the definition of I K -convergence there exists a set M ∈ F (I) such that the function g : S → X defined by
is K-convergent to x i.e. K-lim g(x) = x. Since X has no limit point so U = {x} is open. So we have {s : g(s) / ∈ U } ∈ K. Hence the set M 1 = {s : g(s) ∈ U } = {s : g(s) = x} ∈ F (K). So there exist M 1 ∈ F (I) such that the function g 1 : S → X defined by
is Fin(S)-convergent to x, since for any open set U containing x, g −1 (X \ U ) = φ is a finite set. Thus Proof. Suppose that the function f : S → X is I K * -convergent to x ∈ X. So there exists sets M ∈ F (I) and M 1 ∈ F (K) such that the function g : S → X given by
is Fin(S)-convergent to x i.e. g −1 (X \ U ) = {s ∈ S : g(s) / ∈ U } is a finite set for each open set U containing the point x. Now the set C (say
and
Therefore f is I-convergent to x. i.e.I-lim f = x Lemma 4.3. If I and K be two admissible ideals on a set S and f be a function from S to X, where X be a topological space. Then I
Proof. The proof is similar to the proof of Theorem (4.2) and so omitted. Proof. Let I and K be two ideals on a non-void set S and f : S → X be a function such that f is I * -convergence to x of X. So ∃ a set M ∈ F (I) such that the function g : S → X defined by
is Fin(S)-convergent to x. Since Fin-convergent always implies K * -convergent then the function g is K * -convergent to x. and so f is I K Definition 4.2.
[10] Let I, K be ideals on the non-empty set S. We say that I has additive property with respect to K or that the condition AP(I, K) holds if for every sequence of pairwise disjoint sets A n ∈ I, there exists a sequence B n ∈ I such that A n △ B n ∈ K for each n and ∪ n∈N B n ∈ I Another formulation of condition AP(I, K) are given in [20] . Before giving this definition we need to state definition of K-pseudo-intersection of a system. (ii) Any sequence (F n ) n∈N of sets from F (I) has K-pseudo-intersection in F (I).
Definition 4.3. [20] Let K be an ideal on a set S. We write
(iii) For every sequence (A n ) n∈N of sets from I there exists a sequence (B n ) n∈N ∈ I such that A j ∼ K B j for j ∈ N and B = ∪ j∈N B j ∈ I.
(iv) For every sequence of mutually disjoint sets (A n ) n∈N ∈ I there exists a sequence (B n ) n∈N ∈ I such that A j ∼ K B j for j ∈ N and B = ∪ j∈N B j ∈ I.
(v) For every non-decreasing sequence
(vi) In the Boolean algebra 2 S /K the ideal I corresponds to a σ-directed subset,i.e. every countable subset has an upper bound.
In the case S = N and K = Fin we get the condition AP from [17] which characterize ideal such that I * -convergence implies I-convergence. The condition AP(I, K) is more generalization of condition AP from [9] [17] . Ideals which fulfill the condition AP(I,Fin) are sometimes called P -ideals.(see for examples [1] [12]) In the paper [20] the author showed that I-convergence implies I K -convergence if AP(I, K) holds. Here we will introduce a new theorem regarding I and I K * -convergence. Proof. Let f : S → X be a function such that I-lim f = x 0 . Let B = {U n : n ∈ N} be a countable base for X at the point x 0 . Now from the definition of I-convergence we have f −1 (U n ) ∈ F (I) for each n. Thus there exists A ∈ F (I) with
Now it suffices to show that the function the g : S → X defined by
Therefore g is K-convergent to x 0 . Since K is P-ideal so g is also K * -convergent to x 0 .
I K -Limit Points
We modify the definition of I-limit points in the following way:
Definition 5.1. Let f : S → X be a function and I be non-trivial ideal of S. Then y ∈ X is called an I-limit point of f if there exists a set M ⊂ S such that M / ∈ I and the function g : S → X defined by
is Fin(S)-convergent to y.
Definition 5.2. Let f : S → X be a function and I, K be two non-trivial ideals of S. Then y ∈ X is called an I K -limit point of f if there exists a set M ⊂ S such that M / ∈ I, K and the function g : S → X defined by
We denote respectively by I(L f ) and I K (L f ) the collection of all I and I K -limit points of f .
Since y is an I-limit point of the function f : S → X, then there exists a set M / ∈ I such that and the function g : S → X defined by
is Fin(S)-convergent to y. So for any open set U containing x the set {s : g(s) / ∈ U } ∈ Fin. i.e. {s : g(s) / ∈ U } is a finite set. So {s : g(s) / ∈ U } ∈ K, as K is an admissible ideal. Therefore g is K-convergent function. Again M / ∈ I and K ⊂ I so M / ∈ I, K. Thus y is I K -limit point of f i.e. y ∈ I K (L f ). Hence the theorem is proved.
Note 5.1. If I is an admissible ideal and
If every function f : S → X has an I K -limit point then every infinite set A in X has an ω-accumulation point where cardinality of S is less or equal to cardinality of A.
Proof. Let A be an infinite set. Define an injective function f : S → A ⊂ X. Then f has an I K -limit point say y. Then ∃ a set M ⊂ S such that M / ∈ I, K and the function g : S → X given by
which is a contradiction.) So {s : f (s) ∈ U } is an infinite set. Consequently U contains infinitely many points of the function f (s) in X. So U contains infinitely many elements of A. Thus y becomes ω-accumulation point of A.
Theorem 5.3. If X, τ is a Lindelof space such that every function f : N → X has an I K -limit point then (X, τ ) is compact.
Proof. Let (X, τ ) be a Lindelof space such that every f : N → X has an I K -limit point. We have to show that any open cover of space X has a finite subcover. Let {A α : α ∈ ∧} be an open cover of the space X, where ∧ is an index set. Since (X, τ ) is a Lindelof space so this open cover admits a countable sub-cover say {A 1 , A 2 , · · · , A n , · · · }. Proceeding inductively let B 1 = A 1 and for each m > 1, let B m be the first member of the sequence of A ′ s which is not covered by B 1 ∪ B 2 ∪ B 3 ∪ · · · ∪ B m−1 . If this choice becomes impossible at any stage then the sets already selected becomes a required finite sub-cover. Otherwise it is possible to select a point b n in B n for each positive integer n such that b n / ∈ B r , r < n. Let f : N → X be a function defined by f (n) = b n . Now let x be an I K -limit point of the function f . Then x ∈ B p for some p. Now from the definition of I K -limit point we get g
So the set S = f −1 (B p ) = {n ∈ N : f (x n ) ∈ B p } / ∈ K. Hence S must be an infinite subset of N. So there is some q > p such that q ∈ S i.e. there exists some q > p such that f (x q ) ∈ B p which leads to a contradiction. Thus the result follows.
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